Globally, stroke is a leading cause of death and disability. Obstructive sleep apnea (OSA) is globally being recognized as an emerging public health problem and a risk factor for stroke. Epworth Sleepiness Score (ESS) is increasingly being used as a screening tool to determine the likelihood of OSA in a patient before polysomnography (PSG). However, ESS questionnaires in patients with acute stroke and their comparison with overnight PSG have not been studied. We conducted this study at a tertiary care respiratory center in Mumbai to determine the effectiveness of ESS in predicting the prevalence of sleep apnea in acute ischemic stroke. Materials and Methods: Twenty-eight patients of acute stroke were included in the study. These patients were subjected to ESS and technician attended overnight PSG. Apnea-Hypopnea Index, oxygen desaturation index, and minimum saturation were determined at the overnight PSG. Results: Majority of patients belonged to 61-80 years' age group (53.6%) and were predominantly male (89.3%). Only 5 patients (17.9%) showed an ESS of more than 8, whereas 23 patients (82.1%) showed evidence of OSA on PSG. Sensitivity of ESS in predicting OSA in patients with acute stroke was 17.3%, whereas specificity was 80%. Conclusion: The use of ESS in patients of acute stroke to screen for sleep-disordered breathing (SDB) should be avoided. A PSG may be considered in these patients as early diagnosis of SDB in these patients can help in improving recovery. This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms.
IntroductIon
Globally, stroke is a leading cause of death and disability. [1] In low-and middle-income countries, there has been a rising trend in stroke incidence, people affected are younger, and stroke mortality is more as compared to the developed world. [1] In India, stroke prevalence has been recorded as high as 262/100,000 in rural and 424/100,000 in urban areas. [2] Twenty-eight-day mortality at various centers varies from 29.8% to 42%, with significantly higher mortality in rural patients. [2] Obstructive sleep apnea (OSA) is globally being recognized as an emerging public health problem of great importance, and its association with various comorbidities including stroke is well documented.
[3] Sharma et al. in their study in urban Indians found that the prevalence of OSA varies from 2.4% to 4.96% in males and 1%-2% in females.
Epworth Sleepiness Score (ESS) is a validated questionnaire that uses eight items to determine the likelihood of sleeping in various situations. [3] It has a specificity of 80% for predicting OSA. [3] Data on sleep apnea in acute stroke are limited to few studies. In a study by Kim et al. , the prevalence of sleep-disordered breathing (SDB) in patients with acute stroke, determined by the use of ESS, was approximately 48.8%. [4] Camilo et al. found the prevalence of SDB in acute stroke, determined by overnight polysomnography (PSG), to be 76%. [5] Bassetti and Aldrich also found similar results in their study on acute stroke patients. [6] At most centers, ESS or other questionnaires are used to determine the likelihood of OSA in a patient before PSG. However, data are lacking on the effectiveness of these questionnaires (ESS) and its comparison with overnight PSG in patients of acute stroke. We conducted this study at a tertiary care center in Mumbai to determine the effectiveness of ESS in predicting the prevalence of sleep apnea in acute ischemic stroke.
MaterIals and Methods
The study was conducted between May 2016 and December 2016 at a tertiary care center in Mumbai. All consecutive patients with ischemic stroke presenting to the center were evaluated. Patients with the first episode of acute stroke presenting within 2 weeks of onset were included in the study. Patients with previous stroke, critical patients unfit to undergo PSG, patients with known OSA, patients on sedatives, and those unwilling to participate in the study were excluded from the study.
The ethical approval for the study was taken from the institutional review board. Forty-six patients with acute stroke presented to our center during the study period. Nine patients had a history of previous cerebrovascular accident, 5 patients were critical and were considered unfit to undergo PSG, 3 were known case of OSA, and 1 patient was on benzodiazepines. After excluding the above, 28 patients were included in the study. Written informed consent was obtained from the patient or his/her next of kin.
Assessment of severity of stroke was done using the National Institutes of Health Stroke Scale (NIHSS) score. NIHSS is a validated tool used to measure severity and effectiveness of treatment and predict outcomes in acute stroke. [7] NIHSS scoring was done for all patients. All patients included in the study had NIHSS <15; patients were divided into NIHSS <5 (mild stroke) and NIHSS 6-15 (moderate stroke).
Assessment of excessive daytime sleepiness in patients with acute stroke was done using ESS. ESS was performed within 24 h of admission. An ESS score of more than 8 was considered as an indicator of poor sleep. [4] All patients underwent in the laboratory, and technician attended overnight Type I PSG before being discharged. EEG, electrocardiography, chin and leg electromyography, electrooculography, nasal and oral airflow, chest and abdominal efforts, and pulse oximetry were included in the study. Standard definition for apnea, hypopnea, and oxygen desaturation index (ODI) was used. [3] Manual scoring was done to confirm the recorded events before calculating various indices.
Statistical methods
Apnea-Hypopnea Index (AHI) and ESS were considered as primary outcome variables.
The NIHSS, gender, age group, risk factors for stroke, total hypopneas, total obstructive apnea (OA), total central apnea (CA), ODI, and minimum saturation were considered as primary explanatory variables.
Descriptive analysis was carried out by mean and standard deviation for quantitative variables, frequency, and proportion for categorical variables.
The association between AHI and ESS was assessed by cross-tabulation and comparison of percentages. Chi-square test was used to test statistical significance.
Normality test for quantitative variables
A Shapiro-Wilk test (P > 0.05) and a visual inspection of their histograms, normal Q-Q plots, and box plots showed that the AHI and total hypopneas, total OA, total CA, ODI, and minimum saturation parameters were nonnormally distributed.
The comparison of total hypopneas, total OA, total CA, ODI, and minimum saturation across AHI categories was assessed by comparing the median values. Kruskal-Wallis test was used to assess statistical significance. P < 0.05 was considered statistically significant. IBM SPSS Version 21.0. (IBM Corp., Armonk, NY, USA) was used for statistical analysis.
results
A total of 28 people were included in the analysis. The descriptive analysis of demographic parameters in the study population is given in Table 1 .
Majority of patients were in the age group of 61-80 years (n = 15, 53.6%). Hemiparesis was the most common neurological deficit noted (n = 14 [50%]), and hypertension was the most common risk factor for stroke noted among the study population (n = 13, 39.7%). More than 80% of the study population had ESS ≤8. All 28 patients underwent overnight attended Type I PSG. Twenty-three patients (82.1%) were noted to have an AHI >5 on PSG. Descriptive analysis of AHI and ESS in the study population is given in Table 2 .
In patients with ESS ≤8, 82.6% had AHI >5 and 80% of the patients with ESS >9 had AHI >5. AHI was similar in both the Table 3 ].
Among the 23 patients having AHI more than 5, 4 participants (17.4%) had ESS more than 9, whereas 19 (82.6%) participants had ESS ≤8. The difference proportion in the OSA across ESS was statistically not significant (P = 0.890). Hence, it can be concluded that almost comparable proportion of patients had ESS of 9 or more in both OSA and non-OSA groups [ Table 4 ].
The median values of total OA have shown an increasing trend with increasing AHI categories, and differences across AHI categories were statistically significant (P < 0.001).
The median values of total CA were lowest in AHI <5 and gradually increased with increasing AHI category, but the differences in median total CA value across AHI categories were statistically not significant (P = 0.075). The median values of total hypopneas and ODI also had shown an increasing trend with increasing AHI category (P < 0.001). Minimum saturation value had shown no statistically significant differences across AHI categories (P = 0.685) [ Table 5 ].
The sensitivity of ESS in diagnosing OSA was 17.4% (95% CI: 1.91%-32.9%) and specificity was 80.0% (95% CI: 44.94%-99.42%), false-positive rate was 20.0% (95% CI: 1.00%-55.1%), false-negative rate was 82.6% (95% CI: 67.11%-98.1%), positive predictive value was 80.0% (95% CI: 44.94%-96.62%), negative predictive value was 17.4% (95% CI: 1.91%-32.9%), and the total diagnostic accuracy was 28.6% (95% CI: 11.84%-45.3%) [ Table 6 ]. dIscussIon SDB is an umbrella term that includes various sleep-related problems such as OSA/hypopnea syndrome, central sleep apnea, and hypoventilation syndromes. [3] PSG is the gold standard test for the diagnosis of OSA and for identifying other forms of SDB. [3] ESS uses eight questions answered by the patient to assess the tendency of sleeping or dozing during the day. [3] In a review of various studies comparing ESS with PSG by Kapur et al., ESS had high false negatives limiting its utility for diagnosis of OSA. [8] The same has been seen in our study also where ESS showed a false-negative rate of 82.6%. The task force also recommended that patients who are at high risk for nonobstructive SDB, including patients with stroke, should undergo PSG. [8] The Indian consensus guidelines on OSA also recommend that ESS can be used in patients suspected of having OSA, but it is not mandatory. Despite this, the use of ESS for screening a patient suspected of OSA, before PSG is common in clinical practice. Kim et al. did a study to understand the relationship between sleep disturbance and functional status in mild stroke patients. [4] In this study, 48.8% of the patients were found to have an ESS of more than 8 suggestive of sleep disturbance. However, the authors did not do a PSG to confirm SDB in these patients. Guimarães et al. studied the severity of sleepiness using ESS in 66 patients at baseline and after automatic positive airway pressure (APAP) treatment. [9] They observed that there was no correlation between baseline ESS and AHI. They also determined that a retrospective baseline ESS after APAP treatment was significantly higher than the ESS recorded at baseline. They also found a considerable variability in individual sleepiness perception. [9] In our study, ESS of more than 8 was seen only in 5 patients (17.8%). This is lower than the percentages seen in both these studies; however, no particular reason for this disparity could be determined. In our study, the sensitivity of ESS in determining OSA was found to be 17.3%. In a meta-analysis of seven studies done by Kapur et al., the sensitivity of ESS was found to be 0.27-0.52. [8] The study population in our study was different as we were studying a specific cohort of acute ischemic stroke population.
Camilo et al. submitted 39 patients to full PSG on the first night after ischemic stroke. [5] They found that the AHI ≥10/h was seen in 76% of patients. These patients had a median NIHSS of 11 (IR: 6-20). They observed that 48.7% of the patients had severe OSA and only two patients had predominantly CA In a meta-analysis of 29 studies, Johnson and Johnson determined that at a cutoff of AHI >5/h, the prevalence of SDB in stroke/TIA patients was 72%. [10] In our study, OSA, as determined by AHI >5/h, was seen in 23 patients (82.1%). Although this may be considered higher than the 72% prevalence seen in the meta-analysis by Johnson and Johnson, [10] the results are comparable to Camilo et al., as they used a higher AHI cutoff. [5] Increased incidence of ischemic stroke in patients with OSA can be multifactorial. Increased platelet aggregation, [11] reduced fibrinolytic activity, [12] and high plasma fibrinogen [13] have all been documented in OSA. SDB is both an independent predictor of stroke [14] and also a factor impairing recovery. [15] Apneas and hypopneas can cause cerebral hypoxemia and impaired cerebral autoregulation leading to additive new cognitive defects, difficult rehabilitation, and increased neuronal loss in ischemic penumbra. [16] OSA in a patient with stroke is associated with higher mortality with a correlation between increasing AHI and poststroke mortality. [16] In a study done by Kaneko et al. on 61 patients admitted to the stroke rehabilitation unit, patients with sleep apnea had significantly worse functional capacity, both at admission and discharge, which was related to obstructive events but not central events. [17] In our patients, OA was more than CA in all patients with AHI more than 5. Johnson and Johnson showed similar results demonstrating majority of SDB in stroke patients to be obstructive in nature. [10] SDB is a risk factor for stroke and also determines the outcomes in a patient of stroke, as has been determined by various studies mentioned earlier. ESS, although used as a screening test for OSA, has poor sensitivity in an acute stroke patient, which is unacceptably low as determined by our study. Furthermore, as the prevalence of SDB in stroke patients is high, there may be a point in considering PSG in all stroke patients, as evidenced by our study. Studies at a larger scale will further confirm our findings.
conclusIon
The use of ESS in patients of acute stroke to screen for SDB should be avoided. A PSG may be considered in these patients as early diagnosis of SDB in these patients may help in improving recovery. However, considering the small sample size and wide confidence intervals, there is a strong need to test the predictive validity with larger sample size, to generate better quality evidence.
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